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A norexia nervosa is highly prevalent among U.S. women (1, 2) and is associated with substantial bone loss (3) (4) (5) (6) . Bone loss in women with this disorder is multifactorial; is related in part to estrogen deficiency and to direct effects of undernutrition (3, 4, 7) ; and is rapid, often occurring within 6 months of disease onset (4) and persisting to some degree after weight recovery (8) . It is important to determine the prevalence of regional bone loss at different skeletal sites because it may predict site-specific fracture rates (9) . We therefore measured bone mineral density (BMD) at several skeletal sites to determine the prevalence rates and predictive factors of regional osteopenia and osteoporosis in a large community-based sample of women with anorexia nervosa.
METHODS
We studied 130 women with anorexia nervosa recruited through community advertisements and community physician referral. Telephone screening interviews were used to exclude patients who reported normal weight and menses; use of bisphosphonates, calcitonin, or glucocorticoids; or medical conditions other than anorexia nervosa that are known to affect BMD. Women who had regular uterine withdrawal bleeding while receiving estrogen therapy and women with concomitant bulimia nervosa were permitted to participate. Eligible patients underwent a 3-hour outpatient visit at the General Clinical Research Center of the Massachusetts General Hospital in Boston. Height, weight, age at menarche, time since last menstrual period, previous and current estrogen use, fracture history, and frame size were determined. Calcium and vitamin D intake were determined by diet history in a subset of 60 patients. The diagnosis of anorexia nervosa, according to criteria specified in Diagnostic and Statistical Manual of Mental Disorders, fourth edition, was confirmed in all patients (10). All patients gave written consent, as required by the Subcommittee on Human Studies.
Bone mineral density at the anterior-posterior lumbar spine (L1-L4), lateral spine, left total hip, femoral neck, and greater trochanter was determined with dual-energy x-ray absorptiometry using a Hologic 4500 densitometer (Hologic, Inc., Waltham, Massachusetts) (lumbar spine SD, 0.01 g/cm 2 ) (11). At each skeletal site, patients were categorized as having normal BMD (T-score Ͼ Ϫ1.0 SD), osteopenia (Ϫ1.0 SD Ն T-score Ͼ Ϫ2.5 SD), or osteoporosis (T-score Յ Ϫ2.5 SD), according to World Health Organization criteria. Data on BMD in a subset of 30 patients were published previously (7) .
Wrist and frame size were determined (12, 13), and body mass index and percentage of ideal body weight were calculated (14). Age at menarche and time since last menstrual period were assessed for all patients. Whenever possible, total duration of amenorrhea since menarche was determined (n ϭ 78). Current and previous lifetime estrogen use, including type of estrogen, was quantified and categorized for each patient. We used the Mantel-Haenszel test to compare BMD at the anterior-posterior and lateral spine, stratifying on patients. Standard least-squares multivariate regression models were constructed for each skeletal site by using age, age at menarche, time since last menstrual period, weight, height, wrist size, and fracture history as covariates. Covariates were chosen in advance as important clinical variables affecting BMD. Adjusted regression coefficients and confidence intervals were determined for each covariate. Data are expressed as the mean Ϯ SE.
The funding source had no role in the collection, analysis, or interpretation of the data or in the decision to submit the paper for publication.
RESULTS
Clinical data and data on BMD are shown in Table 1 . Ninety-eight percent of patients were white and 2% were Asian. Mean T-scores were Ϫ1. 4 Osteopenia and osteoporosis, respectively, were seen at the anterior-posterior spine in 50% and 13% of patients, at the lateral spine in 57% and 24% of patients, and at the total hip in 47% and 16% of patients. Normal BMD was seen at the anterior-posterior spine in only 37% of patients, at the lateral spine in 19% of patients, and at the total hip in 37% of patients. Results of lateral and anteriorposterior spinal tests of BMD were discordant in 36 patients, of whom 31 had normal BMD at the anteriorposterior spine (T-score Ͼ Ϫ1.0) but low BMD at the lateral spine (T-score Յ Ϫ1.0) (P Ͻ 0.001). Bone mineral density was reduced by at least 1.0 SD at one or more skeletal sites in 92% of patients and by at least 2.5 SD in 38% of patients. No differences in BMD were observed between patients with anorexia nervosa alone and patients with anorexia nervosa and concomitant bulimia nervosa (P Ͼ 0.05 at all sites; data not shown).
Twenty-three percent of patients were current estrogen users (mean duration, 25.3 Ϯ 5.4 months) and 58% were previous estrogen users (mean duration, 23.9 Ϯ 3.1 months). Bone mineral density did not differ at any site according to current or previous estrogen use ( Table 1) . Age, body mass index, and age at menarche were similar in the subgroup comparisons according to estrogen status. Oral contraceptives were used in all but 3 of the current estrogen users (10%) and all but 7 of the ever-estrogen users (10%); these 10 women received conjugated estrogen. Similar results were obtained in a subanalysis limited to the patients receiving oral contraceptives (data not shown). Total duration of estrogen use was not correlated with BMD at the anterior-posterior spine, lateral spine, femoral neck, total hip, trochanter, or total body (P Ͼ 0.10 for all comparisons). Patients with primary amenorrhea (n ϭ 7) weighed less and had lower BMD at all sites than patients with secondary amenorrhea (n ϭ 123) ( Table 1) , although sample size was small in the primary amenorrhea group. Total calcium intake was not correlated with BMD at any site (P Ͼ 0.1 for all sites). Fifty-seven percent of patients were receiving calcium supplements, 53% were receiving a multivitamin containing 400 IU of vitamin D, and 43% were receiving both. Bone mineral density did not differ in patients receiving nutritional supplements (data not shown). Weight was a significant independent predictor of BMD at all skeletal sites ( Table 2) . Patients with normal * BMD ϭ bone mineral density. † History of fracture was recorded as a dichotomized variable, where yes ϭ 1 and no ϭ 0. ‡ In the multivariate analysis, the squared multiple correlation coefficient (R 2 ) was 0.45 for the anterior-posterior spine, 0.25 for the lateral spine, 0.45 for the total hip, 0.45 for the femoral neck, and 0.42 for the trochanter.
Brief Communication Regional Osteopenia in Anorexia Nervosa BMD, osteopenia, and osteoporosis at the total hip weighed 48.7 Ϯ 0.8 kg, 45.9 Ϯ 0.8 kg, and 39.0 Ϯ 0.7 kg, respectively. Similar trends were seen at other skeletal sites (data not shown). Age at menarche was a significant independent predictor of BMD measured by anterior-posterior spinal densitometry. Time since last menstrual period was a significant predictor of BMD at the anterior-posterior and lateral spine. Our results were similar when we used multivariate regression models with total duration of amenorrhea instead of last menstrual period in patients for whom this information was available (n ϭ 78) (data not shown).
DISCUSSION
Our data demonstrate the high prevalence and profound degree of site-specific bone loss in women with anorexia nervosa. Our study design had advantages: Patients were recruited from the community and were not preselected for bone loss, and we evaluated bone loss at several skeletal sites. Although weight was highly significant as a predictor of bone loss at all sites, time since last menstrual period and age at menarche were significant predictive factors for BMD at the anterior-posterior spine, suggesting a greater relative influence of estrogen deficiency at this site. Other mechanisms may also contribute to reduced BMD in patients with anorexia nervosa, such as failure to achieve peak BMD, hypercortisolemia, and reduced vitamin D intake (4) . However, we did not see any association between calcium or vitamin D intake and BMD.
Increased risk for fracture is the major clinical implication of bone loss in women with anorexia nervosa. Fracture risk doubles with each decrease of 1 SD in BMD (9) . Our data therefore suggest that patients with anorexia are at a markedly increased risk for fracture at many skeletal sites. A relatively high percentage of patients reported a previous history of fracture, but because radiologic confirmation was not obtained, relative risk for fracture was not determined. Bone mineral density was reduced by at least 1.0 SD at one or more skeletal sites in 97% of women with fractures, but fracture site was not correlated with the location of osteopenia.
Although our study was not designed to prospectively investigate the efficacy of estrogen use in women with anorexia nervosa, no effect of previous or current estrogen use on BMD was demonstrated at any skeletal sites. These retrospective data stand in partial contrast to cross-sectional data from a previous study, which suggested an effect of estrogen exposure at the lumbar spine but not at other sites (15) . The minimal effect of estrogen exposure on BMD in our study is consistent with that seen in a previous randomized study, which showed no effect of estrogen-progestin replacement therapy on BMD in patients with anorexia nervosa (16) .
The effectiveness of estrogen in increasing or preserving BMD in women with anorexia nervosa may be mitigated by continued undernutrition, which may act to uncouple bone formation and resorption. We have previously shown that women with anorexia nervosa exhibit low bone formation rates and increased resorption rates (3). Hotta and colleagues (17) have shown that low rates of bone formation in patients with anorexia nervosa increase with feeding, suggesting a mechanism whereby bone formation is reduced by undernutrition and is dissociated from increased resorption caused by estrogen deficiency. We have previously shown that bone loss is more severe in women with anorexia nervosa than in those with other estrogendeficient conditions, such as hypothalamic amenorrhea (7) . In adolescents with anorexia nervosa, Soyka and coworkers (18) recently found a striking reduction in bone formation that is closely correlated with weight. Similarly, our data strongly suggest that undernutrition has a primary role, independent of estrogen deficiency, in anorexia nervosarelated bone loss.
We found that lateral BMD was reduced to a greater extent than BMD at the anterior-posterior spine. Because spine radiographs were not available in our study, we do not know whether compression fractures or other changes in spinal morphometry may account for this difference. Although vertebral osteosclerosis would not be expected in young women, the potential usefulness of lateral BMD as a more sensitive test to determine the degree of bone loss in women with anorexia nervosa should receive additional study. We used the normative database provided by the manufacturer (Hologic, Inc.) to determine T-scores. Because normative reference ranges may differ among manufacturers, this may have affected quantification of bone loss.
More than 90% of the patients in this highly representative sample of young anorectic women demonstrated significant bone loss at one or more skeletal sites. Current weight is the best and most consistent predictor of BMD at several skeletal sites, independent of indices of estrogen deficiency. Furthermore, past or current prolonged use of
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Regional Osteopenia in Anorexia Nervosa estrogen is not associated with increased BMD at any skeletal site. Our data suggest the importance of screening for bone loss and of counseling women with anorexia nervosa about the adverse effects of low weight on the skeleton.
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